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Abstract 
Anti-fouling properties and chlorine resistance nature are highly desirable features for 
membranes used in nanofiltration (NF). Conventional polymeric NF membranes often suffer 
from fouling issues and poor stability under chlorine based chemicals. Therefore, in this work, 
a thin film composite (TFC) NF membrane was modified by coating a binding agent 
polydopamine (PDA) and graphene oxide (GO) using a simple and scalable inkjet printing 
process where the GO deposition was controlled by the number of printing cycles. The NF test 
results revealed the PDA-GO printed NF membranes exhibited higher salt rejection while 
achieving slightly lower permeate flux compared to control membrane. Moreover, the PDA-
GO printed membrane exhibited enhanced anti-fouling properties where only 20% of permeate 
flux reduction was observed while the control membrane displayed significant reduction in 
flux up to 48%. Furthermore, chlorine resistance of the PDA-GO printed membrane showed 
reduction in salt rejection was effectively suppressed compared to the control membrane for 
the chlorination time of 1 and 3 hours. Our work demonstrates an effective strategy to mitigate 
fouling and chlorine stability issues in NF membranes as well as validate inkjet printing as a 
versatile technique for the formation of advanced nanomaterial based membranes with high 
controllability of membrane properties.  








Developing advanced TFC membranes for NF process has been an intensely researched topic 
over the last few decades due to their wide range of applications. Conventional TFC 
membranes are often fabricated by interfacial polymerization (IP) which forms a thin active 
layer on top of a microporous, thicker support substrates [1-3]. Properties of the active layer 
are is controlled by the IP process condition parameters including reaction time, temperature, 
monomer concentration, method to remove excess solution etc. Such conditions influence the 
pore size, porosity, thickness and morphology of the active layer, ultimately determining the 
membrane performances [4, 5].  
For an ideal NF membrane, it needs to exhibit high permeate flux with high salt rejection 
capability. Moreover, it will be highly desirable if the membrane exhibits anti-fouling nature 
to fouling contaminants such as organics or biological species and display displays excellent 
stability against chlorine which is commonly used for membrane cleaning. Such chlorine 
agents can easily degrade the membrane lifetime and membrane performances. One alternative 
direction of research on developing desirable TFC NF membrane membranes with improved 
anti-fouling ability is surface modification of polyamide (PA) selective layer using 
nanomaterials. Especially, carbon nanomaterials having sp2 atomic structure such as graphene 
oxide (GO), carbon nanotubes, reduced graphene oxide, graphene quantum dots have been 
intensely studied, due to their advantages including its ability to provide low resistant pathway 
for water transport, excellent chemical stability and inertness, high abundance and anti-fouling 
porperties properties [6-9]. Several modification methods including the surface grafting, cross-
linking, dip coating and incorporation of nanomaterials to PA layer has have been adopted to 
enhance fouling propensity as well as chlorine resistance [10-13]. However, most of the surface 
modification processes often suffer from a controllability vs scalability dilemma where if the 
process provides a high controllability of the nanomaterial deposition, it often lacks the 
scalability or vice versa.  More importantly, there are many chemicals and nanomaterials that 
are wasted during the modification process via conventional approaches [14]. Therefore, 
nanomaterial coating process which provides both scalability with high control of nanomaterial 
deposition with minimal production of wastes remains as a significant challenge in the 
advanced nanomaterial based membrane production.  
Owing to such issues, recently, inkjet printing technique has been adopted as an effective and 




nanomaterials and membrane properties. Moreover, inkjet printing process is a widely adopted, 
scalable technology where its successful industry implementation was demonstrated in various 
fields, such as sensors, electronics, ceramics, biological cells and catalysts [15-19]. A few 
studies have been conducted to evaluate the feasibility of using inkjet printing technology in 
membrane field. Badalow et al. investigated the deposition of m-phenylene diamine (MPD) 
monomer using an inkjet printer onto an ultrafiltration (UF) support substrate before the IP 
process with trimesoyl chloride (TMC) monomer. Single and multiple coatings of MPD were 
successfully printed onto the UF support. Results showed that the permeate flux decreased 
while the salt rejection increased with increase in number of MPD printed layers [14]. Lee et 
al. utilized the inkjet printing technique to print silver nanoparticles on the surface of an 
electrospun polyurethane (PU) nanofiber. It was demonstrated that the nanofiber membrane 
was uniformly coated with silver nanoparticles and the modified membrane significantly 
inhibited the growth of different types of pathogens causing the water borne diseases [20]. 
Fathizadeh et al. studied the feasibility of using inkjet printing process to deposit GO flakes 
onto the modified polyacrylonitrile (PAN) support as an effective NF membrane. Compared 
with the commercial polymeric NF membranes, the GO modified membranes exhibited higher 
water permeability and higher rejection of small organic particles. Besides, the GO modified 
membranes also exhibited high rejection of pharmaceutical contaminants (95%) with small 
decline in  water flux (10%) in the longevity test [21].  Li et al. investigated the inkjet printing 
to print DA and sodium periodate (SP) to deposit PDA onto a UF polypropylene (PP) 
membrane. Compared with the pristine PP membrane and only DA coated membrane, the PDA 
printed membrane exhibited higher water permeability and enhanced anti-fouling performance 
due to improvement of PDA oxidation degree [22]. 
In this study, we aimed to synthesize TFC-NF membrane membranes using an inkjet printing 
technology to coat GO nanoparticles on the surface of active layer to enhance the anti-fouling 
and chlorine resistance properties. Membrane fouling especially arising from the organic 
foulant is a significant issue in the NF application [23, 24]. Fouling in the membrane decreases 
permeate water quality, water recovery and shortens the lifespan of membranes. Currently, to 
handle the fouling problem, procedures such as regular pre-treatment of the feed solution and 
cleaning of the fouled membranes are implemented. However, these measures lead to increase 
in operation cost of the filtration processes and complicate the process [25-27]. Therefore, it is 
essential to develop the membranes with optimized surface properties with enhanced anti-




implemented to reduce the fouling phenomena where novel anti-fouling materials are were 
introduced as parts of a membrane. One of such exemplary materials is GO which is a 
nanomaterial consists of sheets of sp2 carbons with presence of rich oxygen functional groups 
such as hydroxyl, carboxyl, ether and epoxy groups. Previous research has demonstrated that 
utilization of the GO flakes on the membrane surface could significantly reduce the fouling 
caused by the hydrophobic foulants [28]. Moreover, high chemical stability of the GO, 
significantly enhances the chemical stability of membrane which helps to protect the membrane 
from the degradation against the chlorine based agents and chemicals [29-31].  
In this work, we developed an effective coating strategy using a simple and scalable inkjet 
printing technique to enable uniform coating of the GO leading to improve anti-fouling and 
chlorine resistant properties. Moreover, the printing of the DA on the membrane, which self-
polymerised into PDA, acted as a strong binding agent between GO and PA active layer to 
make our composite membrane to be chemically and mechanically stable. The synthesized 
PDA-GO membranes were characterized and tested under the saline feed water to evaluate the 
membrane performances. Then the membrane fouling and chlorine stability tests were 
conducted and we observed that the membrane performances, anti-fouling properties and 
chlorine stability were enhanced by uniform coverage of the GO on the membrane surface with 
minimal GO usage. Furthermore, to the best of our knowledge, this research is the first 
demonstration of surface modification of NF membrane using GO and DA via inkjet printing 
printings.  Our findings would enlighten further development of printing technology for surface 
modifications as well as for synthesizing advanced nanomaterial based NF membranes where 
high precision coating of nanomaterials is required.    
2. Materials and methods 
2.1 Materials 
The commercial “NF90” NF membrane was purchased from Toray Chemicals, Republic of 
Korea. Graphene oxide (GO) powder was purchased from Graphenea. Dopamine 
hydrochloride, Tris(hydroxymethyl)aminomethane hydrochloride (Tris-HCl), sodium chloride 
(NaCl), bovine serum albumin (BSA) and sodium hypochlorite (NaOCl) were purchased from 
Sigma-Aldrich. All the chemicals were used as received. The de-ionized (DI) water was used 
in all experiments produced by a Millipore Milli-Q water system. A commercial Deskjet 2130 




2.2 Surface modification using inkjet printing  
The NF90 membrane (membrane size: 6 cm × 6 cm) was taped to an A4-sized polyethylene 
terephthalate (PET) film and was loaded into the printer. A computer was connected to the 
printer and the printing software was set on paper type of glossy paper and maximum quality 
with 1200×1200 dpi. Firstly, the DA solution with a concentration of 0.21 mmol/mL was added 
into the cartridge and printed on the membrane surface. After the printing process, there was a 
transparent DA layer on the membrane surface. Then, the membrane was loaded into the printer 
again. The printing of GO solution with a concentration of 50 mg/L was performed. We printed 
the GO layer for 1, 2 and 3 times. The resultant PDA-GO membranes were referred to PDA-
GO-1, PDA-GO-2 and PDA-GO-3, respectively. Finally, Tris-HCl buffer solution printing (50 
mM, pH 8.8) took place as a last layer on the membrane surface to accelerate the self-
polymerization of DA. The schematic illustration of the process is depicted in Fig.1. After final 
process, the membrane was dried at the controlled room temperature to ensure the cross linking 
between PDA and GO. During this time, the colour of membrane surface gradually became 
darker. In order to evaluate the stability of the PDA-GO membranes, we put a membrane 
sample in DI water for sonication (See Fig.S1). After the sonication, there was a negligible 
change of the membrane sample and we did not observe any GO particles released from the 
printed membrane demonstrating its good mechanical stability. For comparison, a membrane 
only printed DA and Tris-HCl solution was prepared and referred as a PDA-coated membrane. 




































Table 1. Specifications of the control and printed membranes 
Membranes DA (mmol/ml) GO (50 mg/L) Tris-HCl (mM) 
Control - - - 
PDA-coated 0.21 - 50 
PDA-GO-1 0.21 1 coating 50 
PDA-GO-2 0.21 2 coatings 50 
PDA-GO-3 0.21 3 coatings 50 
 
2.3 Membrane characterization 
Attenuated total reflection flourier transformed infrared spectroscopy (ATR-FTIR, Affinity-1 
Shimadzu) was used to assess the functional groups of the membrane before and after the 
modification by inkjet printing. The membrane surface morphology and surface roughness 
were characterized by scanning electron microscopy (SEM, Zeiss Supra 55VP, Carl Zeiss AG) 
and atomic force microscopy (AFM, Park XE7), respectively. For the ATR-FTIR, SEM and 
AFM, each membrane sample was tested for three times in random positions of the membrane. 
The contact angle of the control and modified membranes were measured by the sessile drop 
method and analysed by the optical system (Theta Kite 100, Biolin Scientific) equipped with 
an image analysis software. For each membrane sample, the contact angle was recorded by the 
average data from three measurements in random positions on the membrane surface.  
2.4 Membrane filtration tests 
Membrane performance was evaluated with 1000 mg/L NaCl solution in a NF setup with an 
effective area (A) of 4 cm2. Permeate flux and salt rejection were determined under the testing 
pressure of 6 bar at room temperature (23℃ ± 1). At the beginning, the membrane was pre-
compacted with DI water for 30 minutes [32]. After that, the permeate flux 𝐽𝑤  was calculated 





where V is the volume of the permeate (L), 𝐴 is the effective membrane area (m2), and ∆𝑡 is 
the time interval (h).  
Salt rejection 𝑅 was calculated by Eq. (2): 









where 𝐶𝑓  and 𝐶𝑝  are the salt concentrations in feed and permeate, respectively. Salt 
concentrations were measured by a conductivity meter. 
2.5 Membrane fouling and cycling tests 
Membrane fouling phenomena were investigated using a feed solution containing the BSA as 
model protein foulant. The BSA solution was prepared with a concentration of 200 mg/L and 
was constantly stirred on the magnetic stirrer for 24 hours before its use as a feed solution. 
Then the filtration tests were performed at the operating pressure of 6 bar under the room 
temperature. Firstly, the membrane was stabilized with DI water for 30 minutes. After the 
stabilization of the permeate flux, the feed solution containing BSA was introduced.  Then the 
permeate flux was calculated at the time interval of 30 minutes. The relative permeate flux 
which is the measured permeate flux normalized by the initial flux was used to assess the degree 
of membrane fouling. For the membrane cycling tests, the BSA solution was again used as a 
feed solution with a concentration of 200 mg/L. Each fouling test was for each fouling test, the 
tests were performed for 120 minutes and the permeate flux was recorded at the time interval 
of 10 minutes. After each fouling test, the fouled membrane was cleaned for 30 minutes in the 
same NF setup using DI water as the feed solution. 
2.6 Membrane chlorine stability tests 
Chlorine stability tests were conducted by soaking the PDA-GO membranes and control 
membranes into the chlorine solution with different soaking time (1 and 3 hours). The chlorine 
solution was prepared by adding certain amounts of sodium hypochlorite into DI water to make 
the feed solution with a concentration of 6000 mg/L. After the chlorination, membranes were 
rinsed with DI water. Permeate flux and salt rejection of the control membrane and the PDA-
GO membranes were measured with 1000 mg/L NaCl solution in a NF setup and compared to 
the membranes performance before the chlorination.  
3. Results and discussion  
3.1 Characterization of the printed PDA-GO-membranes 
FTIR was performed to evaluate the functional groups of the control and printed membranes. 
As shown in Fig. 2, the pristine NF90 membrane exhibited characteristic peaks of typical PA 
active layer which is are located at 1660 cm-1 (amide I, C=O stretching), 1542 cm-1 (amide II, 




NF90 membrane, the spectrum of the PDA-coated control membrane presented similar peak 
positions due to their similar chemical arrangement  [34]. For the PDA-GO printed membranes, 
there was a pronounced peak located at 1715 cm-1 (carboxylic acid C=O stretching) which 
mainly arose due to the presence of functional groups in GO such as carboxylic acid, hydroxyl, 
and amine groups [29]. Moreover, the peaks located at 1610 cm-1 and 3346 cm-1 (O-H 
functional group) disappeared due to the reaction between the carboxylic acid containing in 
GO interacting with amine and hydroxyl groups contained in PDA which is in good agreement 
with other literatures [35, 36].  
 
 
Fig. 2 FT-IR spectra of the control and modified membranes. 
 
Then the surface morphology analysis and the contact angle measurements were conducted 
and the results were compared between a control membrane sample and PDA-GO printed 
membranes (shown in Fig. 3). The surface of the control membrane showed a typical ridge-
and-valley structure with highly porous, rough membrane surface. For the PDA-GO printed 
membranes, it is clear that as number of GO deposition increased, membrane surface became 
smoother and the number of visible valleys in the membranes were decreased. Such 
observation reveals that the printing of PDA-GO layers could potentially fill the valley regions 



























Fig. 3 SEM images of membrane surfaces modified using inkjet printing of GO. (a) and (b) 
















membrane; (g) and (h) PDA-GO-3 membrane; Contact angle values were also included  as an 
inset. 
The contact angle measurement was carried out to evaluate the membrane affinity to water. 
The control membrane presented contact angle of 81.3°± 2° whereas GO coating on the 
membrane led to lower contact angle of 66.1° ± 1.7° (PDA-GO-3 membrane) indicating that 
the PDA-GO membranes exhibit higher affinity with water. The improvement in the 
hydrophilicity arises mainly due to the oxygen-functional groups contained in the GO 
nanoparticles [37]. Moreover, we observed a consistent reduction in the contact angle values 
as number of GO printing layer was increased. Specifically, the contact angle value of PDA-
GO-1 membrane was 73.5° ± 2.4° whereas contact angle value of PDA-GO-2 membrane was 
decreased to 71.7° ± 2.6° and further reduction to 66.7° ± 1.7° was observed for the PDA-GO-
3 membrane. The list of contact angle data of the control and modified PDA-GO membranes 
can be found in Table 2. 
Table 2. Contact angle of the control and printed membranes. 
Membranes Contact angle (°) 
Control 81.3 ± 2.0 
PDA-coated 61.0 ± 1.6 
PDA-GO-1 73.5 ± 2.4 
PDA-GO-2 71.7 ± 2.6 
PDA-GO-3 66.1 ± 1.7 
 
In order to characterize the membrane surface topography, AFM was conducted on the control 
and modified PDA-GO membranes (see Fig. 4). The AFM analysis revealed that the PDA-GO 
membranes had a smoother surface (surface roughness ranging from 23.3 nm to 36.2 nm) 
compared to the control NF membrane (surface roughness value of 44.2 nm). Such reduction 
in surface roughness arises due to GO particles filling the valley regions of the membrane 
surface and it is well supported by other characterization results [6, 38]. Moreover, the average 
surface roughness (Ra) value of the PDA-GO-printed membrane decreased with increase in 
number of GO printing layers. Specifically, the Ra value of the PDA-GO-1, PDA-GO-2 and 














Fig. 4 AFM images of membranes. (a) Control NF90 membrane; (b) PDA-coated membrane; 
(c) PDA-GO-1 membrane; (d) PDA-GO-2 membrane; (e) PDA-GO-3 membrane. 
3.2 Membranes performance 
To investigate the effect of GO printing on the NF membrane performance, water desalination 
tests were conducted using the saline feed water while measuring the permeate flux and salt 
rejection of the control and the PDA-GO-printed membranes. As shown in Fig. 5, compared to 
the control NF90 membrane, the permeate fluxes of the PDA-GO-printed membranes were 
slightly decreased while the salt rejection rates were increased. The permeate flux and salt 
Ra: 44.2 nm 
(a) NF90 
Ra: 36.2 nm  
(b) PDA-coated 
Ra: 33.6 nm  
(c) PDA-GO-1  
Ra: 30.9 nm Ra: 23.3 nm 




rejection of the control membrane was 13.32 LMH/bar and 90.72%, respectively. However, 
when PDA (PDA-coated) was coated on the PA layer, the flux slightly decreased to 11.49 
LMH/bar while the salt rejection increased to 92.33% compared to the control membrane. 
These results may arise due to the increase in hydrodynamic resistance when PDA layer is 
formed via self-polymerization of DA which could play an essential role as an additional 
separation barrier. Thus, such PDA coating might slightly reduce pore size of the PA selective 
layer leading to a reduction in water flux while increasing salt rejection [39]. For the PDA-GO-
printed membranes, it exhibited comparable changes in permeate flux value of 11.63 LMH/bar 
and salt rejection of 92.42% for PDA-GO-1 membrane, PDA-GO-2 membrane exhibited the 
flux of 11.22 LMH/bar and salt rejection of 92.65%, and PDA-GO-3 membrane showed that 
of 10.28 LMH/bar and salt rejection of 93.05%, respectively, compared to a PDA-coated 
membrane. These results are in good agreements with the previous researches that controlled 
amount of GO coating did not deteriorated the separation performance compared to a control 
membrane [28, 29, 40].  
 
Fig. 5 Permeate flux and salt rejection performance of a series of membranes. Test 






3.3 Membrane fouling and cycling tests 
Membrane fouling is one of the major challenges for the membrane separation processes, 
which will affect the membrane performances performance. The reasons behind the membrane 
fouling are complex and many factors affect the fouling phenomena including the types of the 
foulants, experimental conditions and the membrane properties etc. For a NF membrane, 
hydrophilic and smooth surface is expected to enhance the anti-fouling property [25, 41]. 
Therefore, previous researches focused on enhancing the hydrophilicity of membranes by 
surface modification, membrane material modification and introducing different polymer 
blends. Among these approaches, applying the hydrophilic material or nanoparticles has been 
recognised as an effective and convenient way to enhance the membrane anti-fouling properties 
[42-44]. 
In our study, we have chosen coating of DA and GO nanoparticles on the PA selective layer of 
NF membrane to enhance the anti-fouling properties. In order to demonstrate the enhanced 
anti-fouling properties, the relative permeate flux over time of the control, only PDA-printed 
and PDA-GO-printed membranes were recorded using a 200 mg/L BSA as a feed solution 
(shown in Fig. 6). For the control membrane, the permeate flux decreased rapidly. At the end 
of the filtration time of 3 hours, the permeate flux became relatively stable. On the other hand, 
the permeate flux of the PDA-GO printed membranes exhibited slower reduction in the 
permeate flux. Moreover, the PDA-GO printed membranes showed a lower degree of final 
permeate flux reduction (20% to 30%) at the end of the filtration process compared to the 
control membrane (~48%) proving the enhanced anti-fouling properties. The improved anti-
fouling properties could be attributed to the reduced surface roughness and enhanced surface 
hydrophilicity induced by the printing of DA and GO on the membrane surface. Hydrophilic 
surface could adsorb water molecules and then form a water layer on the surface, which could 
mitigate the adsorption of foulants and increase the fouling resistance to BSA [45]. 
Furthermore, smoother membrane surface minimizes the possibility of BSA molecules being 
firmly binding on the membrane surface [46, 47]. Amongst the PDA-GO-printed membranes, 
the anti-fouling properties were enhanced with increase in the number of GO printing layers. 
For example, the final permeate flux reduction for PDA-GO-1, PDA-GO-2 and PDA-GO-3 
membranes was 28%, 24% and 20%, respectively. The increased anti-fouling properties may 
arise due to the enhanced hydrophilicity and the smoother surface formation as GO layers are 




reduction of 32%, which demonstrates that addition of GO layers was critical in improving the 
anti-fouling properties of the membrane. From our experimental results and analyses we can 
deduce that the hydrophilicity is not the sole factor determining the membrane fouling but the 
combination of surface properties and membrane properties plays an important role in 
determining the fouling degree and its effects.   
 
Fig. 6 Normalized permeate flux of the control and modified membranes as a function of 
operation time upon the addition of 200 mg/L BSA at 6 bar. 
 
In order to investigate the fouling reversibility and stability of the PDA-GO printed membranes 
under the fouling condition, we performed three cycles of fouling experiments where cleaning 
of the membrane was performed after each test. Then the normalized permeate flux was 
measured for each test and was compared between the PDA-GO membrane and the control 
membrane. The PDA-GO-3 membrane was chosen as the representative PDA-GO-printed 
membrane based on its excellent anti-fouling performance compared to other PDA-GO printed 
membranes. As shown in Fig. 7, the permeate flux of both control and PDA-GO-3 membranes 
cannot be fully recovered to their initial conditions even after the rigorous physical cleaning 
with DI water. This may be due to the adsorption of BSA foulants on the membrane surface, 




flux recovery values for control membrane were 62.8% and 57.6% in these three cycles 
whereas the significantly enhanced flux recovery was observed for the PDA-GO-3 membrane, 
where the normalized permeate flux of the 2nd and 3rd cycle tests exhibited values of 85.3% and 
80.1%, respectively. These findings demonstrate that the PDA-GO-3 membrane would indicate 
good anti-fouling properties along with enhanced flux recovery (good reversibility), exhibiting 
stable performance under long-term operation compared to the pristine polymeric based control 
membrane.  
 
Fig. 7 Recycling properties of control NF90 and PDA-GO-3 membranes. Test conditions: 
200 mg/L BSA as feed solution, pressure 6 bar, room temperature. 
 
3.4 Chlorine stability tests 
After the fouling experiments, chemical stability of PDA-GO-printed membranes in the 
presence of chlorine was further evaluated. The control and PDA-GO-3 membranes were 
immersed in a high concentration solution containing 6000 mg/L NaOCl at pH 11 for 1 and 3 
hours, the permeate flux and salt rejection after a certain duration of chlorination were 
measured with 1000 mg/L NaCl solution (shown in Fig. 8). Compared to the control membrane, 
effect of the chlorine chemical was less severe for the case of PDA-GO-3 membrane where 




chlorination exposure of 1 and 3 hours, the addition of GO layers in the modified membrane 
induced a negligible change in salt rejection membrane performance while control membrane 
exhibited degradation in salt rejection the membrane performances. In particular, the salt 
rejection of PDA-GO-3 membrane remained almost unchanged of 92.39% and 92.08% for 1 
and 3 hours, respectively, compared to the membrane before chlorination (93.05%). For the 
control membrane, salt rejection decreased to 88.88% and 87.66% for 1 and 3 hours, 
respectively, compared to the value before chlorination (90.72%). Such observation arises due 
to the chemically inert nature of GO, acting as a protective layer for the inner polymeric part 
of the membrane from the active chlorine species (OCl-) penetration [28, 49]. Under the 
chlorination condition, for the control NF 90 membrane, the amide N-H group on the PA layer 
is transformed into N-Cl group, due to the lack of protons, the inter-chain hydrogen bonds is 
difficult to form. The absence of hydrogen bond leads to the enhancement of the chain mobility 
and the conformational alternation of polyamide structure, leading to rapid transport of salt 
ions and the salt rejection decreases [50-52]. 
 
Fig. 8 Permeate flux and salt rejection of control and PDA-GO-3 membranes as a function of 
the chlorination time. (Chlorination condition: 6000 ppm NaOCl). 
Compared to the previous studies, the chlorination condition used in our tests (NaOCl 6000 




100 ppm [50, 53]. Despite of chlorination in such harsh condition, the PDA-GO-3 membrane 
maintained the salt rejection around 92% up to the chlorination time of 3 hours, demonstrating 
good membrane performance and enhanced chemical stability of the PDA-GO-3 membrane, 
where the PDA-GO-3 membrane is also expected to display stable membrane performance if 
the chlorination condition is milder as used in previous studies.  
4. Conclusions 
In summary, we developed a PDA and GO composite NF membrane using a simple and 
versatile inkjet printing technique. Developed PDA-GO printed membranes exhibited slightly 
lower permeate flux while showing a higher salt rejection performance compared to the control 
polymeric NF membrane. For the membrane fouling tests, the PDA-GO printed membranes 
demonstrated improved antifouling properties compared to the control NF membrane. 
Similarly, for the chlorine stability tests, overall membrane performance was better maintained 
compared to the control NF membrane, due to chemically inert nature of the GO which retards 
the degradation of membrane induced by chlorine species. Overall, our work demonstrates that 
printing technology could serve as a simple and scalable way to effectively deposit 
functionalized nanomaterials and chemicals on the membrane surface with high precision. 
Moreover, our research findings shed a light on unique advantages of 2D nanomaterials in NF 
application and pave a way for the next generation 2D material based membranes for pressure 
driven water purification systems.  
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